ABSTRACT Spatiotemporal variation in the species composition, relative abundance, and plant use by cicada nymphs were studied among continuous and fragmented forests and human-modiÞed forestry plantations upon an uplifted reef-karst substrate in tropical East Asia. Nymphal emergence was concentrated in the rainy season but tended to begin earlier, end later, or both, on plantations. Species abundances ßuctuated over time and among the types of forests, with greater variation in plantations and fragmented forests. Seven cicada species were present, but the overall similarity in species composition was low among the forest types. Higher mean numbers of species and mean abundances occurred on plantations than in fragmented and continuous forests, but the species heterogeneity was higher in continuous forests and lowest on plantations. Exuviae were found at various heights that were correlated positively with the abundance of exuviae and negatively with the diameter at breast height of trees, whereas coefÞcients of variation in the height distribution among trees were not correlated with the abundance of exuviae. The plant-use breadth was widest in the cicadas Chremistica ochracea (Walker) and narrowest in Cryptotympana takasagona Kato, Platypleura takasagona Matsumura, and Euterpnosia koshunensis Kato, with the other species intermediate, corresponding with their relative abundance. Amongspecies overlap was generally higher in the continuous forests but declined in forest fragments and plantations. Our results indicated that fragmenting tropical primary forests and creating plantations may generate higher richness and abundance of annual cicadas, but risk the loss of rare or endemic species that show a greater preference for tree species of the primary forests.
Cicadas occur widely in forested habitats from the temperate zone to the tropics and are often conspicuous due to their chorus or abundance at emergence. Ovipositing and feeding by cicadas at different lifecycle stages cause considerable damage to plants Simon 1995, Koenig and Liebhold 2003) . Yet, nymphs and adults also serve as important resources used by many other organisms (White et al. 1979 , Rosenberg et al. 1982 , Steward et al. 1988 , Williams et al. 1993 . They may profoundly affect breeding success and population dynamics of their predators as resource pulses (Strehl and White 1986 , Kellner et al. 1990 , Yang 2004 , Koenig and Liebhold 2005 , as well as ecosystem functioning by aiding nitrogen ßux and water transport of soils (Andersen 1994 , Callaham et al. 2000 , Whiles et al. 2001 , Lovett et al. 2002 , Yang 2008 . Thus, a better knowledge of the ecology and life history of cicadas can contribute to our understanding of biodiversity and functioning of forest ecosystems.
Unlike periodical cicadas (Magicicada spp.), most annual cicadas remain poorly studied (Young 1972 (Young , 1980 , even though they comprise the majority of species in this family.
The distribution and abundance of cicadas vary on temporal scales, and nymphal emergence can be highly seasonal within a community or differ across sites (Young 1980 , Sueur 2002 . They may also differ in their use of host plants. Competition, however, may be only one of several mechanisms that shape resource use patterns of assemblages (Walter 1991) . For insects that are generally small or short-lived, habitat heterogeneity can make resources indefensible (Brown 2003) , and phytophagous insects often show high overlap in the use of the most abundant resources without detectable competition (Rathcke 1976) . Forest features, such as canopy coverage, may have an effect (Rodenhouse et al. 1997 , Ellingson and Andersen 2002 , Smith et al. 2006 . In addition, disturbances can alter resource availability and affect resource use patterns and consequently the composition and structure of a community (Callaham et al. 2002 , Samejima et al. 2004 .
Cicadas often show strong Þdelity to their preferred habitats (Dybas and Lloyd 1974) . Although some species stay in undisturbed forests, others tend to aggre-gate in more open spaces (i.e., plantations, parks, schools, trees along streets, or forest edges), where greater sunlight aids their oviposition (Karban 1981 , Yang 2006 or chorusing (Williams and Smith 1991) . Newly hatched nymphs with limited mobility fall to the ground and quickly burrow into the soil to feed on rootlets (within Ϸ2 min or less; Williams and Simon 1995) . Soon after emerging from the soil, nymphs of the Þnal instar climb upwards to reach perching locations for exuviating (White et al. 1979) , often along the nearest tree trunks or other plants (Ellingson and Andersen 2002) . They are most fragile and vulnerable to predators during ecdysis, and the crowding effect from both limited space and interference by other cicadas may result in high mortality (White et al. 1979) . Thus, it is advantageous to emerge and molt at safer times and places (Lucas et al. 2000) . Our study reports the Þrst attempt to describe spatiotemporal variation in the species composition, relative abundance, and plant use by cicada nymphs of the last ecdysis among continuous and fragmented forests and human-modiÞed forestry plantations upon an uplifted coral reef-karst substrate in tropical East Asia.
We tested the hypothesis that different species of cicadas use different types of forests to different degrees, i.e., that their relative abundances differ among different forest settings. In fragmented and disturbed habitats, soil and moisture conditions may be modiÞed or less stable (Saunders et al. 1991) ; thus, we predicted that 1) greater variation in relative abundance among species will occur in forest fragments and more disturbed settings, such as plantations, than in native primary forests. We also tested the notion that the mean exuviating height of cicada nymphs is affected by crowding and predicted that 2) higher mean exuviating heights will occur in trees with smaller diameter at breast height (dbh) values, and when more nymphs are exuviating. We further examined the plant use by exuviating nymphs in different forest types and tested whether more-abundant species display greater breadth of use than less-abundant species. Habitat Þdelity and predator satiation maintain that cicadas should use the dominant trees, whereas they show little host-species specialization (White 1980) . Facing a reduced abundance of the dominant tree species in human-modiÞed habitats, White (1980) observed that cicadas use a wider range of tree species for egg-laying and show less pronounced host plant preference compared with that in their native habitats. High richness of tree species in low abundance generally typiÞes tropical forests, but disturbance and fragmentation often alter the composition and relative abundance of trees (Carson et al. 2008) . In this regard, we predicted that 3) overlap in plant use among cicada species should be less in forests with lower densities but high species richness of trees.
Materials and Methods
Study Sites. Fieldwork took place in the Hengchun Tropical Botanical Garden (HTBG) and Guijijaou Experimental Forest (GEF, 20Њ58Ј N, 120Њ48Ј E, Ϸ460 ha and Ϸ200 Ð300 m in elevation) in Kenting, the Hengchun Peninsula, at the southern tip of Taiwan. Kenting is typiÞed by an annual rainfall of Ϸ2,200 Ð2,300 mm, with the rainy season from April to October, and typhoons during June to early September. Mean monthly temperatures are above 20ЊC in the coldest months and reach Ϸ26 Ð28ЊC in JulyÐAugust (Guijijaou Weather Station data, Taiwan Forestry Research Institute; TFRI). The Hengchun Peninsula is a recognized hotspot of plant biodiversity (Davis et al. 1995) , and the GEF represents one of the last remaining and the largest native lowland tropical monsoon reef-karst forest on the island (Wang et al. 2004) . Twenty species of cicadas from 15 genera, including seven endemics, are known to occur on the peninsula; yet, prior information on cicadas speciÞc to Kenting is scant Hayashi 2003, 2004; Chen 2004 Chen , 2005 (Wang et al. 2004) . Surrounding the GEF are small grasslands, forest remnants, and the HTBG at the southwesternÐsouthern borders of the primary forest. The HTBG comprises fragmented primary or secondary forests and mixed species forestry plantations. The latter differs from the more typical tropical plantations in not being a monoculture of economic plants. Instead, it comprises various native and some introduced plants of the Cycadaceae, Lauraceae, Mimosaceae, Moraceae, and Palmae, as well as liana and ferns, and serves for silvicultural and forestry practices (Wang et al. 2004 , Lee et al. 2008 .
Sampling Grids and Exuvium Sampling. Our study area consisted of continuous (CF) and fragmented (FF) forests and plantations (PT). The CF sites were within the GEF that was characterized by greater canopy coverage, higher canopy, and herb layers but a smaller mean dbh value. The PT sites were within the HTBG and represented a more open and modiÞed habitat with tree density approximately half that of the other two types of forests but a higher number of tree species and larger mean dbh value. The FF sites refer to remnant forest patches within, or at the edges of the GEF forest adjacent to, the HTBG. They were largely similar to the CF sites in vegetation structure and tree species composition but with a taller shrub layer (Lin 2007) . The CF and FF forests were nearly or completely undisturbed. In contrast, management and gardening, e.g., mowing, understory clearage, and chopping overhanging or dead branches, are practiced regularly on the plantations.
We established and mapped (1:5,000) number-labeled grids (10 by 10 m) that covered a total area of Ϸ90 ha and incorporated all three habitats. Sampling grids were chosen using random numbers, and then the coordinates were determined by a global positioning system (eTrex Vista, Garmin, Olathe, KS). A chosen grid that was not suitable for sampling due to paved road, inaccessible terrain, or construction, was replaced by a substitute until a minimum of 20 grids were selected for each forest setting. In total, we selected 70 grids, 25 in the PT, 22 in the FF, and 23 in the CF forests. We acknowledge that our sampling did not represent a true replication at the landscape level, which was difÞcult, if not impossible, to achieve due to multiple complicating factors.
We initiated biweekly exuvium surveys in early April in 2005 in all grids and repeated in 2006. Each survey lasted 3 d, and the entire sampling period continued until we retrieved no exuviae in the entire study area over two consecutive surveys, generally in late September to early October. Cicadas in the nymphal stage between their emergence from the ground and the eclosion into the adult form are hereafter referred to as exuviating nymphs. We searched for exuviae in each grid and during each sampling, and all exuviae were retrieved by hand aided by ladder and insect net with extendable handle whenever necessary. We considered plants with exuviae attached to indicate plants potentially used for egg laying by adults or feeding by nymphs under the ground. In the Þeld, exuviae easily fall off the plants, particularly herbaceous plants (Lin 2007) ; thus, we focused mainly on trees as exuvium-associated plants. In each grid, we identiÞed and recorded every tree with a dbh of Ն1 cm, and the height where an exuvium was attached.
Data Analysis. Data are presented as the mean Ϯ SE, and statistical tests were conducted by MINITAB 14 and PRIMER 5 (StatSoft 2005) . A signiÞcance level of P Ͻ 0.05 was used. We adopted analysis of similarities (ANOSIM) to examine the overall cicada composition and used the Shannon index to measure the species heterogeneity (SH) of cicadas among different habitat types and between years (Krebs 1999) . For the SH, the t-test of Hutcheson (1970) was used to examine differences among forest settings. We calculated the relative frequency of occurrence (RF) and relative abundance (RA) of each cicada species found in the sampling grids. The RF is a spatial measure of the commonness of each species, calculated as the number of grids in which a particular species occurred divided by the sum of the number of grids in which each cicada species was recorded and ranges from 0 to 100% (Lee et al. 2007 ). The RA is an individual-based measure, calculated as the proportion of individuals of each cicada species relative to the total abundance of all cicadas recorded.
We conducted a correlation analysis to examine the relationships of RF and RA of each cicada species, abundances of cicada exuviae with precipitation, and the size of cicada exuviae with the height of eclosion for each species. A multiple regression analysis was used to assess relationships of dbh, number of cicada species, and cicada abundance with height of eclosion. We adopted analysis of variance (ANOVA) to examine variance in the abundance of different species of exuviae, exuviating heights of cicadas among forest settings and at different times, the sizes of exuviae, and exuviating heights of Chremistica ochracea (Walker) on different dates and for different numbers of cicada species. We also adopted multivariate ANOVA (MANOVA) to examine whether cicada richness and abundance were affected by forest setting and sampling year and the effect of date and forest setting on the height of cicada eclosion. For both analyses, we used additional post hoc comparisons with PillaiÕs trace values as necessary to locate the difference (Zar 1999 ).
We applied a chi-square goodness-of-Þt test to examine whether the numbers of trees used were independent of the numbers of trees available among tree families. The breadth in plant use was calculated for each cicada species by HurlbertÕs B Õ ϭ 1/⌺(p j 2 /a j ), where p j is the proportion of the jth tree species used relative to the total trees used, a j is the proportion of the total number of the jth tree species relative to the total abundance of all available tree species. We estimated approximate 95% conÞdence intervals of B Õ by
]/Y}, where Y was the total number of exuviae of each cicada species (Krebs 1999) . JacobsÕ (1974) 
, was adopted to measure the relative difference of selectivity among cicada species in using a tree species, where r and p were equivalent to p j and a j noted above, respectively, and D values indicated negative (Ϫ1 to 0) or positive use (0 to1). We categorized ͉D͉ into Ͻ0.41, Ն0.41 but Ͻ0.8, and Ն0.81, to indicate no/slight, medium, and strong selectivity, respectively (Morrison 1982) . A modiÞed HornÕs index,
, was calculated to estimate the overlap in plant use for each paired cicada species, where p ij was the proportion of tree species i relative to the total tree species used by species j, and p ik was the proportion of tree species i relative to the total tree species used by species k (Krebs 1999) .
Results
Species Composition. We collected 10,644 exuviae of seven cicada species of seven genera (Table 1) . C. ochracea dominated and accounted for 67.4% of the abundance of the entire collection. The endemic species Nipponosemia virescens Kato and Purana apicalis (Matsumura) accounted for 15.4 and 8.2%, respectively. The rest of the species together accounted for Ͻ9%, including Cryptotympana takasagona Kato, Pomponia linearis (Walker), and the endemic Euterpnosia koshunensis Kato and Platypleura takasagona Matsumura. We also found Huechys sanguinea (de Geer), Meimuna opalifera (Walker), and Mogannia formosana Matsumura, on a few occasions, but outside the sample grids, and excluded them from the analyses.
Spatiotemporal Variation in Diversity and Distributions of Exuviae. Exuviae appeared from mid-April to early October but were mostly concentrated from mid-May to late August, accounting for Ͼ98% of the total abundance, with considerable species overlap (Fig. 1) . A temporal separation in nymph emergence was observed for E. koshunensis and C. takasagona in the CF forest, both of which were rare. The longest periods, noted P. linearis and P. apicalis, lasted for 4 mo or longer, but those of E. koshunensis and P. takasagona were sporadic and short (Ͻ2 mo), and the former occurred earlier than all other species (Fig. 1) . Nymphs tended to emerge for molting earlier, cease later, or both, on plantations, but P. apicalis was nearly synchronous in the three types of sites. Abundance ßuctuated over time and differed among species in the three settings, with greater interspeciÞc variation in the PT and FF sites (Figs. 1a, 1b) . C. takasagona peaked later in the FF, but E. koshunensis peaked earlier in the CF forest (Fig. 1b and c) , than the other species. Over time, exuvium abundances were positively correlated with rainfall for C. ochracea (r ϭ 0.87, P Ͻ 0.01), N. virescens (r ϭ 0.82, P Ͻ 0.05), P. apicalis (r ϭ 0.71, P Ͻ 0.05), and P. takasagona (r ϭ 0.85, P Ͻ 0.01) but not for P. linearis (r ϭ 0.55, P ϭ 0.16) or C. takasagona (r ϭ 0.45, P ϭ 0.26).
The overall species composition differed among the three forest settings (ANOSIM; Global R ϭ 0.29, P Ͻ 0.005; PT versus FF: R ϭ 0.32, P Ͻ 0.005; PT versus CF: R ϭ 0.46, P Ͻ 0.005; FF versus CF: R ϭ 0.05, P Ͻ 0.05) but not between sampling years (Global R ϭ 0.01, P ϭ 0.187). The mean number of species and exuvium abundance per grid also differed among forest settings (MANOVA: PillaiÕs trace ϭ 0.20, F 4, 268 ϭ 7.43, P Ͻ 0.001) but not between years (PillaiÕs trace ϭ 0.004, F 2, 133 ϭ 0.25, P ϭ 0.78), with no forestÐyear interaction effect (PillaiÕs trace ϭ 0.01, F (4, 268) ϭ 0.23, P ϭ 0.92). A similar pattern was observed for the mean abundance of each cicada species (among forest settings: PillaiÕs trace ϭ 0.39, F 14, 258 ϭ 4.41, P Ͻ 0.001; between years: PillaiÕs trace ϭ 0.10, F 7, 128 ϭ 2.07, P ϭ 0.051; forest setting ϫ year: PillaiÕs trace ϭ 0.08, F 14, 258 ϭ 0.80, P ϭ 0.67). Both higher mean numbers of species and mean abundances occurred on plantations than in fragmented and continuous forests ( Table 1) .
The RF and RA for each species were correlated to each other (r ϭ 0.74, P Ͻ 0.001) but with a slightly different pattern. Among all cicada species, there was less variation in RF values than in RA values, except that a greater difference in C. takasagona among forest settings (Fig. 2) . C. ochracea and C. takasagona were most frequently found in the FF and PT sites, respectively, whereas N. virescens, P. apicalis, and P. linearis were more common in, whereas P. takasagona was absent from, the CF sites (Fig. 2a) . In the former two settings, C. ochracea accounted for Ͼ65% of the RA, with all other species each accounting for Ͻ15% (Fig.  2b) . In the CF sites, C. ochracea also had the highest abundance but accounted for Ͻ35% of the total cicada abundance and was followed by N. virescens at 28.7%. The overall species heterogeneity (SH) was higher in the CF ( Exuviae were collected at various heights (1.06 Ϯ 0.01 m; n ϭ 4,360; range, Ϸ0.01Ð7.5 m), but the majority was below 3 m (97.6%), or even 1.5 m (75.7%), with only a few higher than 3 m (mostly of C. ochracea and C. takasagona). Both the mean heights (ANOVA: F 6, 4354 ϭ 105.42, P Ͻ 0.001) and sizes of exuviae (F 6, 111 ϭ 296.43, P Ͻ 0.001) differed among cicada species (Fig. 3) . In general, larger species exuviated higher, and smaller species exuviated lower (r ϭ 0.74, P ϭ 0.059). Using the most common and abundant C. ochracea as a subsample, we found eclosion heights affected by the number of days since the Þrst exuvium was found in our sites (F 28, 2728 ϭ 3.96, P Ͻ 0.001) but did not differ among forest settings (F 2, 2723 ϭ 0.11, P ϭ 0.900). Their heights were positively correlated with the abundance of exuviae (multiple regression: F 4, 2278 ϭ 4.60, P Ͻ 0.01; t ϭ 2.80, P Ͻ 0.005) but negatively correlated with the dbh of trees (t ϭ Ϫ3.36, P Ͻ 0.001). Among trees (n ϭ 499), however, the biascorrected coefÞcient of variation (the ratio of standard deviation over mean in percentage) in the exuviae heights showed no correlation with the exuvium abundance (r ϭ 0.24, P Ͼ 0.05). The highest mean value among forest types is in bold, which is signiÞcantly higher than one or both of the means for the other habitats. * P Ͻ 0.05, ** P Ͻ 0.01, and *** P Ͻ 0.001. a CHOC, Chremistica ochracea; CRTA, Cryptotympana takasagona; EUKO, Euterpnosia koshunensis; NIVI, Nipponosemia virescens; PUAP, Purana apicalis; POLI, Pomponia linearis; PLT,: Platypleura takasagona.
b Endemic species Hayashi 2003, 2004) .
Variation in Plant Use by Exuviating Nymphs.
We retrieved exuviae from 466 trees of 96 species and 43 families out of a total of 1,342 trees (34.7%), 117 species (82.1%), and 46 families (91.5%; Fig. 4 ). Exuviating nymphs apparently used plant families nonrandomly ( 2 ϭ 105.35, df ϭ 45, P Ͻ 0.001). The Ebenaceae (Þve species, 154 trees), Euphorbiales (13, 52), Lauraceae (7, 31), and Moraceae (6, 22) collectively accounted for 32.3% of tree species and 55.6% of individual trees used by cicada nymphs. Yet, the numbers of trees and Table 1 for abbreviation of species names. In (A), CHOC is on the left axis, and the remaining species are on the right axis. tree species used by nymphs were positively correlated with the numbers of trees (r ϭ 0.99, P Ͻ 0.001) and tree species (r ϭ 0.96, P Ͻ 0.001) available within those families. Overall, the breadth of plant use was widest in C. ochracea, followed by N. virescens, P. apicalis, and P. linearis, and Þnally by the more specialized C. takasagona, P. takasagona, and E. koshunensis. C. ochracea and C. takasagona used a wider variety of plants on plantations than in the CF and FF sites. Greater overlap occurred for the other species among forest types, but most endemic species tended to have wider breadth in the CF forest (Fig. 5) .
The proportions of positively selected tree species relative to total number of tree species available differed among cicada species and forests. The proportions for C. ochracea, E. koshunensis, P. apicalis, and P. takasagona were higher in the CF or FF forests, but for C. takasagona, N. virescens, and P. linearis were higher on plantations. In contrast, those for nonpreferred trees, although varying among species, were less variable among the forest types (Fig. 6) . The overlap in plant use between cicadas ßuctuated among species pairs and in different forests, ranging from 0 (eight comparisons) to 0.908 (P. apicalis versus P. linearis in the CF sites). Among cicadas, C. ochracea, N. virescens, P. apicalis, and P. linearis shared higher overlap with each other than each with other species. Higher overlap mostly occurred in the CF sites; overlap declined when moving toward the FF sites and plantations, but those of C. takasagona with C. ochracea, N. virescens, P. apicalis, and P. linearis increased (Table 2) .
Discussion
Four species in our study, and M. formosana that was collected but excluded from the analyses, are endemic. These species account for Ͼ70% of the endemic species occurring on the Hengchun Peninsula. Similar or higher proportions of endemism may exist in other parts of this mountainous island, where a total of 59 species (39 endemics) of annual cicadas occur Hayashi 2003, 2004) . For example, the two most specious genera in Taiwan, Euterpnosia and Tanna, contain 15 and eight species, respectively, are Table 1 for species names. closely associated with forests from lowlands to mountains, and all are endemic (Chen 2004 ). To our knowledge, little information is available, apart from the current study, on the composition, distribution, abundance, and tree use by emerging cicada nymphs in tropical East Asia. Nevertheless, the density of species Fig. 3 . Mean Ϯ SEM heights of eclosion of the seven species of cicadas and its correlation with mean Ϯ SEM sizes of exuviae. See Table 1 for species names. Table 1 for species names.
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ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA Vol. 103, no. 2 richness and endemism documented are comparable to those in the Neotropics (Young 1972 , Sueur 2002 and support the statement that many of the currently recognized tropical and subtropical species are endemic (Duffels and van der Laan 1985) . Cicadas in the HTBG-GEF area emerged seasonally, with the peak emergences positively correlated with rains. This is consistent with the general pattern of seasonality in insect emergence in the tropics, where rainfall plays a larger role than temperature (Wolda 1988) . The pattern of emergence observed persisted even in heavy rains that can damage not yet fully expanded wings and cause eclosion failure (Lin 2007) . Rainfall and moisture can soften soil and aid hatching, and nymphs survive better in more humid times (Moriyama and Numata 2006 ). In addition, the feeding and reproductive status of root-infesting organisms are often affected by cues of the host plants in the growing season (Press and Whittaker 1993) , such as changes in the quality and amino acid concentration of xylem ßuid, which is associated with seasonal rainfall (Karban et al. 2000) .
Some species of Neotropical cicadas, however, emerge in the dry season (Young 1972 (Young , 1980 Sueur 2002) . In southwestern Taiwan, the common Taiwanosemia hoppoensis Matsumura emerges from May to August along coastal forests, coinciding with the rains, but Suisha formosana Kato of mountainous areas occurs from December to May (Lin 2007 ). This apparent temporal separation was not observed in our study area. In most cases of partitioning resource among closely related sympatric species, spatial instead of temporal mechanisms 6 . Proportions of medium-to-strongly positively selected (Ⅺ; JacobsÕ D Ն 0.41) and negatively selected (f; D Յ Ϫ0.41) tree species used by molting cicada nymphs relative to the total numbers of tree species available in the plantations (PT) (n ϭ 75), fragmented (FF) (n ϭ 53), and continuous forests (CT) (n ϭ 44). *, exuviae of this particular species were not found. Empty space indicates no medium-strong selectivity. seem more common (Chesson 1985) , including periodical cicadas (e.g., Dybas and Lloyd 1974) . Our data for annual cicadas Þt this conclusion. Given our still insufÞcient knowledge of hatching cycles of most cicadas, particularly in the tropics (Wolda 1988) , details on the interactions of phenology and physiological processes of plants with the feeding activities and development of nymphs are urgently needed.
Habitat separation occurs in the Neotropical forests (Young 1980) . It also occurs among the Þve species of annual cicadas studied in a temperate tallgrass prairie, where Callaham et al. (2000) found only one occurring in all three habitats assessed. In our study in tropical forests, however, species that occurred in the CF and FF forests and plantations were nearly identical, although with a great among-habitat variation in relative abundances. The frequency of occurrence and relative abundance were thus generally correlated across species, but more so in the PT and FF than in the CF forests. Yet, the overall species composition by ANOSIM, based on abundance, still differed among the three habitats. The species heterogeneity was highest in the CF and lowest in the PT, due to the increasing abundance of species like C. ochracea, N. virescens, and P. apicalis in the latter. Among the rarer species, E. koshunensis and P. linearis seemed more exclusive to the CF sites, where, in contrast, P. takasagona was completely absent, and only one exuvium was found in the FF sites over 2 yr (Lin 2007) . P. takasagona was, however, relatively abundant on plantations.
C. ochracea consistently dominated over other species present, particularly in the PT and FF forests, but less so in the CF forests. Emergence periods of most species also occurred earliest and lasted longer, and nymphs were more abundant, in the plantations, except for P. linearis and E. koshunensis. Our results support the prediction that greater variation in relative abundances occur in more modiÞed and open settings than in native primary forests. Periodical cicadas also tend to be more abundant in human-modiÞed habitats, which has been attributed to factors such as a lack of fungal parasitism on cicada nymphs in the soil (White et al. 1979) , an increase in nymph survival due to abundant roots in grasslands (Lloyd and White 1987) , or femalesÕ tendency to use open and well lit area for egg laying (Ellingson and Andersen 2002, Yang 2006) . Plantations in our study were typiÞed by less canopy coverage but greater coverage at the herb layer. The herb layer mainly composed of species of the Poaceae instead less-rooted ferns that were common in the CF and FF forests (Lin 2007 ). These suggest a support for the Þndings of Yang (2006) and Lloyd and White (1987) .
Nymphs of the Apache cicada, Diceroprocta apache Davis, often exuviated at Ϸ0.2Ð1.5 m (Ellingson and Andersen 2002 ). Exuviae at our sites were also mostly located below 1.5 m, although some were up to 3 m or higher. Yet, ecdysis requires space, and limited space and interference from other cicadas cause nymph mortality (e.g., 31% in periodical cicadas as an extreme case; White et al. 1979) . Climbing upward and exuviating at a higher place also may be selected for to reduce the risk of predation. By emerging at night, cicada nymphs avoid avian predators that are diurnal. In contrast, nocturnal predators of cicadas are mostly terrestrial and at our sites include marauder ants (Pheidologeton spp.), huntsman spiders (Heteropoda venatoria L.), and centipedes (Scolopendra subspinipes Leach and Thereupoda clunifera Wood; Lin 2007). Our results, based on the most abundant C. ochracea, conÞrm our predictions: the mean exuviating heights were negatively correlated to the dbh of the trees used but positively correlated to the abundance of exuviating nymphs. Among species, exuviae showed vertical partitioning that was correlated with body size. This, together with the fact that humidity enhances the survival of hatching eggs (Moriyama and Numata 2006) , suggest that larger-sized nymphs may better contain their water content and afford to climb higher over a longer time due to the advantage of a smaller surface/area ratio and reduced transpiration. Yet, this may not be exclusive to the hypothesis of predation, and both require further empirical testing.
Across cicada species, the relative proportions of tree species used and that of available trees used by nymphs were correlated to each other; dominant species used a greater diversity of tree species and higher numbers of trees for exuviating. This in general conÞrms the observations of White (1980) of little specialization in host plants by ovipositing cicadas and our prediction that dominant species with higher relative abundances tend to have broader resource use (see McNaughton and Wolf 1970) . Nevertheless, the breadth in tree use of each species varied among forest types. Nymphs in our study can be grouped into species with 1) a wider breadth in the PT but narrow in the CF forests (C. ochracea, C. takasagona, and P. takasagona); 2) a wider breadth in the CF, but narrow in the plantations (N. virescens); and 3) indistinct pattern (E. koshunensis, P. apicalis, and P. linearis). The former three occur widely and are common in disturbed or urban areas, such as parks and schools. They are like fugitive species, often pioneering disturbed habitats (Abugov 1982) . In contrast, the remaining species are more narrowly restricted to forests and are rare in urban areas Hayashi 2003, Chen 2004) .
Among the three types of forests, different cicada species showed differing levels of tree species preference. This suggests, at least partially, selectivity in tree use by different species of cicadas under different tree availability, and is consistent with the overall pattern that different species of annual cicadas vary in their use of different forests and tree species. Compared with the CF forests, the overlap in tree use between species-pairs was lower in the FF forests and further on plantations. White (1980) attributed that a less overlap in tree use by cicadas in disturbed habitats to a reduced tree abundance of the species that was dominant and preferably used in cicadasÕ native habitats. This pattern would be expected in fragmented versus to continuous forests and is conÞrmed by our data. Yet, the observed lower overlap of tree use on plantations was presumably due to the fact that these were mixed-species forestry plantations, with higher tree species richness but only half the tree density of the continuous primary forests (Lin 2007) .
Plantations may sometimes maintain higher species richness or support higher abundances than primary forests, but often have overall lower species heterogeneity due to the dominance of the more common and generalist species (e.g., birds, Barlow et al. 2007 ). Fragmenting tropical primary forests or creating plantations generate higher richness and abundance of annual cicadas, but risk the loss of rare or endemic species that show a greater preference for tree species of the primary forests. The fact that the plantations in our study are not typical monoculture of economic crops makes this observation more alarming, because the typical monoculture plantations would be expected to cause an even greater loss of rare or endemic species. Disproportionate local extinctions among rare or endemic taxa can further result in the regional loss of biodiversity and eventually the biotic homogenization (Smith et al. 2009 ). The problem is urgent, particularly if considering the increasing rate of forest fragmentations, the threats to tropical conservation, and the fact that plantations are being established in the tropics globally and may often conceal the actual trend of deforestation (Achard et al. 2002) .
